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ABSTRACT 

The number and distribution of sockeye salmon Onchorhynchus nerka rearing in two glacial lakes of the 
Kenai River drainage were estimated from hydroacoustic surveys. Using dual-beam acoustic techniques, 
we collected in situ target strength information for scaling of the echo integrator. The average target 
strength of fish measured with a 420 kHz sounder was -52.86 dB in Skilak Lake and -54.55 dB in Kenai 
Lake. A decrease in target strength with depth was observed. In contrast, data collected with a 120 kHz 
sounder indicated no decrease in target strength with depth. Approximately 7.5 million sockeye salmon 
juveniles were estimated to reside in the lakes. The majority of fish were located in Skilak Lake. Trawl 
samples indicated that 95% of the sockeye salmon were age-0. The size of both age classes were small; 
the mean length of age-0 sockeye salmon in Skilak Lake were 51.4 mrn, and mean weight was 1.5 g. 
Age-1 fish in Skilak Lake had a mean length of 73.8 mm and mean weight of 4.7 g. 

KEY WORDS: hydroacoustic survey, sockeye salmon, target strength, glacial lake, Alaska, 
Onchorhynchus nerka 



INTRODUCTION 

The Alaska Department of Fish and Game (ADF&G) began investigations in 1972 to assess juvenile 
sockeye salmon Onchorhynchus nerka populations rearing in the major lakes of the Kenai River drainage 
(Figures 1,2;  Davis et al. 1973). As part of these investigations, juvenile sockeye salmon were collected 
from Skilak and Kenai Lakes using tow nets to estimate relative abundance, age structure, and growth 
(Davis et al. 1974; Namtvedt and Friese 1976). However, the inefficiency of tow netting restricted the 
usefulness of these data for abundance estimates (Waltemyer 1981). Therefore, in 1986 ADF&G began 
developing new methods to enumerate fry using hydroacoustic equipment (Tarbox and King 1988a, 
1988b). 

Since 1986 annual fall hydroacoustic surveys have been conducted in Kenai and Skilak Lakes to develop 
a time series of juvenile sockeye salmon population estimates. Program objectives for the 1991 field 
investigation were to (1) estimate the number and spatial distribution of sockeye salmon juveniles in Kenai 
and Skilak Lakes, (2) determine the target strength distribution in both lakes using dual-beam 
hydroacoustic techniques, (3) document the relative condition of juvenile sockeye salmon using length and 
weight measurements, and (4) estimate the age composition of sockeye salmon in Kenai and Skilak Lakes. 

In addition, the 1991 studies are part of an ongoing project, Natural Resource Damage Assessment 
(NRDA) study 27, to assess the impacts on freshwater production of relatively large adult sockeye 
escapements into the Kenai River drainage. Starting in 1987 and continuing through 1989, the Kenai 
River system received spawning escapements in excess of 1.0 million fish. The escapement goal range 
is 400,000-700,000 fish. These large escapements were the result of ADF&G management decisions 
associated with the Glacier Bay oil spill in 1987 and the Exxon Valdez oil spill in 1989. In 1988 adult 
sockeye returns to systems other than the Kenai River reduced fishing opportunities on Kenai River stocks 
in the mixed stock fishery. 

METHODS 

Hydroacoustic surveys of Skilak and Kenai Lakes were conducted between late September and early 
October 1991 to assess the number of rearing sockeye salmon that had survived the summer. Because 
previous investigations of glacial lake systems on the Kenai Peninsula have shown that most sockeye 
salmon juveniles occur near the surface during daylight hours (Tarbox and King 1988a; Thorne 1981), 
surveys were conducted at night to maximize the available targets. 



We used a stratified random sampling design for 1991 surveys to distribute sampling effort and provide 
an acceptable means of calculating sampling error. We divided each lake into sub-basins and established 
survey transects randomly distributed within each of these basins. In 1991 the number of transects was 
designed to reduce the relative error to 0.25 for Skilak Lake and 0.3 for Kenai Lake. Our sample size was 
based on the average coefficient of variation observed from 1986 to 1989. Because of the configuration 
of Skilak Lake, a total of 13 transects perpendicular to shore were surveyed within three sub-basins 
(Figure 3). In Kenai Lake a total of 27 transects were surveyed within five sub-basins 

(Figure 4). The Kenai Lake survey was conducted on 5 and 6 October and the Skilak Lake survey on 27 
and 28 September. 

The equipment used for data acquisition consisted of a Biosonics Inc. Model 105' echo sounder with dual- 
beam receivers, a 420 kHz 6"/15" dual-beam transducer mounted in a V-fin for towing, a Model 171 tape 
recorder interface, a Sony model SL-HFLFOO video cassette recorder and PCM-5OlF1 digital audio 
processor, a chart recorder, and an oscilloscope. The selected pulse width was 0.4 ms and the pulse 
repetition rate was 5 pulsesls. Additional acoustic parameters used during data collection and processing 
are presented in Appendix A.1. Biosonics, Inc. calibrated the system prior to and following the surveys. 
The entire system was powered by 12-V batteries and carried in a 7.2-m vessel powered by an outboard 
motor. Vessel speed along each transect was estimated at 2.7 d s .  The transducer remained 
approximately 1 m below the water surface during surveys. Equipment procedures are outlined in King 
and Tarbox (1988). 

Dual-beam data recorded on video cassette tape were processed through a Biosonics, Inc. Model 28 1 Echo 
Signal Processor1 (ESP). A returning pulse was accepted as a valid target if the amplitude was below the 
bottom threshold of 9999 mV and above the counting threshold of 200 mV. Single targets were separated 
from multiple targets if the pulse width was within 20% of the transmitted pulse width at -6 dB and -18 
dB. The maximum half-angle selected for data processing was 4". Data were stratified for analysis in 
5-m increments starting 2 m below the transducer, or 3 m below the water surface. Data were accepted 
for processing to a maximum depth of 97 m below the transducer in both lakes because visual examination 
of oscilloscope traces and chart recordings indicated that few fish were present below this depth. 

Data generated by the dual-beam processor were transferred to microcomputer data files for analysis using 
the Biosonics, Inc. software "Target Strength Post Processing Program ESPTS." Computations of mean 
target strength and backscattering cross section were made from individual echoes, and a hard copy of the 
results was printed for each 5-m depth interval. 

Estimates of fish density were made for each transect by echo integration using a Biosonics, Inc. ESP 
Model 221' echo integrator. Correction from the 40 log(R) setting used during data collection to the 20 
log(R) used for data processing was accomplished by adjusting the B constant value for each depth 
stratum (Appendix A.l). The time-varied-gain (TVG) crossover for the system was 11.72 m. 

1 Use of a company name does not constitute endorsement by BDF&G. 



The echo integrator compiled data in l-rnin sequences along each transect and sent outputs to computer 
files for further reduction and analysis using the Biosonics, Inc. software "Echo Integration Post 
Processing Program ESPCRNCH." Raw integrator outputs were edited to remove data that resulted from 
false bottom echoes. Where this occurred, fish densities were usually estimated using the average 
densities of adjacent sequences at the same depth. Overall fish density was obtained by calculating the 
average edited integrator output value across the transect for each depth strata. These averages were 
multiplied by the integrator scaling factor derived from the mean backscattering cross-section value 
obtained from the ESPTS program. Mean backscattering cross section values were calculated for each 
depth strata using data from those transects where false bottom did not occur or did not influence the 
target strength data. 

The total number of fish (Nij) for area stratum i based on transect j was estimated across depth stratum 
k and consisted of the number of fish estimated by hydroacoustic gear in the midwater section (Mij) plus 
an estimate of fish unavailable to the hydroacoustic gear because of their location near the surface (Sij) 
or bottom (Bij), or 

The midwater component was estimated as 

where ai represented the surface area (m2) of area stratum, i was estimated using a planimeter and USGS 
maps of Skilak and Kenai Lakes, and wij, was the average depth (15m) of depth stratum k measured along 
transect j in area i. This depth would be less than the maximum 5 m if the bottom was detected within 
depth stratum k anytime along the transect. The mean fish density in area i depth k across transect j was 
mij, in number per m3. 

The estimated number of fish near the surface (0-3 m) in area i was 

where a, was the estimated volume (m3) of the surface area stratum, or 0-3 m, and mij, was the mean fish 
density for the first ensonified depth strata (2-7 m below transducer) of transect j. 



The estimated number of fish near the bottom was 

where bij, was the estimated volume (m3) in area i of depth k which could not be ensonified due to the 
proximity of the bottom along transect j, and mij, was the estimated fish density (number per m3) along 
transect j in area i depth k which was ensonified. In cases where all of depth strata k was along the 
bottom, the mean density mi,k-, from the next shallower depth strata (k-1) was used. 

The abundance in area i (N, )  became the mean across total abundance estimated by each transect j, or 

and its variance was estimated as 

Total abundance for each lake became the sum of its area estimates. Its variance became the sum of the 
area variances. 

In an effort to quantify species composition of measured fish targets, a midwater trawl sampling program 
was conducted in Skilak Lake during daylight hours on 25 and 27 September. A similar program was 
conducted in Kenai Lake between 17 and 19 September. A total of 215 min were spent towing in Skilak 
Lake and 770 min in Kenai Lake. The trawl mouth opening was 6.1 m by 3.1 m, and trawl length was 
14.9 m. Mesh size decreased from 7.62 cm at the mouth to 0.32 cm at the cod end. The gear was towed 
between two boats at approximately 2 mls, and the majority of the tows were near the surface. The 
sampling program was designed to collect a minimum of 300 fish from each sub-basin of each lake. All 
captured fish were enumerated, identified, and preserved in 10% formalin. In the laboratory juvenile 
sockeye salmon were measured to the nearest mrn (fork length), weighed to the nearest 0.1 g, and aged 
from scale samples using criteria outlined by Mosher (1969). Differences in age and species composition 
between areas were tested with chi-square analysis. 

In addition to the survey conducted with the 420 KHz sounder, a second survey of Area 1 in Skilak lake 
was conducted on 10 October. The objective of this survey was to gather dual-beam target strength data 
at depth to assess if biological factors were influencing the 420 kHz target strength results. The 
equipment for this survey consisted of a Biosonics Inc. 120 kHz echo sounder with dual-beam receivers, 
a 120 kHz 10°/25" dual-beam transducer mounted in a v-fin for towing, and the same recording equipment 



as the earlier survey. The selected pulse width was 0.4 ms, the pulse repetition rate was 3 pulsesls, and 
the bandwidth was 5 kHz. Additional acoustic parameters used during data collection and processing are 
presented in Appendix A.1. Biosonics, Inc. calibrated the system immediately following the survey. 
Scattering or attenuation of the 120 kHz system was assumed to be less because of the lower frequency. 

For comparative purposes, data collected with the 420 kJ3z sounder were reprocessed with a threshold of - 
58.55 dB; these data were not used in the generation of the abundance estimates of juvenile sockeye 
salmon. This threshold was selected because of the noise level and sounder parameters associated with 
the 120 kHz system. 

RESULTS 

A total of 6,074 echoes in Kenai Lake and 42,363 in Skilak Lake were used to estimate target strength 
distributions. Mean target strength for Kenai Lake was -54.55 dB (Appendix A.2). As in past years, 
calculated mean target strengths decreased with depth. Near-surface measurements were -51.78 dB in 
contrast to -56.78 dB at a depth of 47 m. In Skilak Lake the mean target strength was -52.86 dB; mean 
target strength decreased from a near-surface value of -50.81 dB to -54.51 dB at 47 m. At depths greater 
than 47 m, target strengths were within 1 dB of the mean (Appendix A.3). 

Estimates of fish abundance in surface (Appendix A.4) and bottom strata (Appendices A.5, A.6) that were 
not sampled by the hydroacoustic gear contributed a maximum of 41 % to an individual transect estimate 
(Kenai Lake, Area 1, transect 2). Overall, the Kenai Lake surface estimates contributed 11% and bottom 
estimates 4% of the total. In Skilak Lake, surface estimates contributed 8% and bottom estimates 7% of 
the total. 

The total estimated number of fish in both lakes was 7,517,200 (Table 1). Approximately 11%, or 
804,740 fish, were found in Kenai Lake and the remaining 6,712,500 fish in Skilak Lake. Approximately 
47.5% of the fish in Skilak Lake were located in Area 1, which composed 27.1% of the lake volume 
(Table 2). Within Kenai Lake 26.3% of the fish were located in Area 1, which composed 5.6% of the 
lake volume. 

The depth distribution of fish between transects and areas was variable in Kenai Lake (Figures 5-10). The 
maximum density of fish observed in Kenai Lake was 0.0067 fish/m3 between 17 and 22 m along transect 
1 of Area 1 (Figure 5). The maximum density of fish observed varied from the 2-7 m strata to the 22-27 
m strata along the remaining transects. Ten transects had maximum densities at the 17-22 m strata and 
nine at 2-7 m; in Area 5 maximum densities were at the surface in all six transects. 

Depth distribution of fish in Skilak Lake was more consistent than Kenai Lake (Figures 11 -13). The 
maximum fish density observed in Skilak Lake was 0.0068 fish/m3 between 12-17 m along hansect 2 of 
Area 1 (Figure 11). Maximum densities of fish were recorded in the 12-17 m depth range for 5 of the 
13 transects. Five transects had maximum densities deeper and three shallower in the water column. 



A total of 1,292 fish were captured during tow netting operations in Skilak Lake and 1,766 in Kenai Lake. 
Sockeye salmon were the predominant species in catches from both lakes, representing 100.0% of the total 
catch for Skilak Lake. Within Kenai Lake catches from each sub-basin were used to apportion estimated 
targets to sockeye salmon (Table 3). 

Age-1 sockeye salmon made up 2.8% and age-0 composed 97.2% of the Kenai Lake juvenile sockeye 
estimate (N = 1,404; Table 3). Within Skilak Lake a difference in age composition among areas was 
observed (chi-square = 18.7, P = .05, df = 2); the age structure of Area 3 was significantly different than 
that of Areas 1 and 2 combined. Age-0 sockeye salmon composed 96.1 % of the estimate for Areas 1 and 
2 (N = 613), and 88.3% in Area 3 (N = 305; Table 3). 

Length frequencies for each age class were well defined and quite distinct in both Skilak Lake and Kenai 
Lake (Figure 14). In general, the size of both age classes was relatively small. The mean length of age-0 
sockeye salmon in Skilak Lake was 51.4 rnm, and the mean weight was 1.5 g. Age-1 fish in Skilak Lake 
had a mean length of 73.8 mm and weight of 4.7 g. Both age groups of Kenai Lake sockeye salmon were 
larger (N.S.C.) in size than those collected in Skilak Lake (Table 4). 

After adjusting the total number of targets using species and age composition data from trawl samples, 
the number of juvenile sockeye salmon in both lakes was estimated at 7,514,300. Of this total, 7,127,800 
were age-0 sockeye salmon produced by the 1990 spawning population, and 386,500 were age-1 sockeye 
salmon produced by the 1989 spawning population (Table 3). 

A total of 10,403 echoes were used in the analysis of the 120 kHz target strength data. The mean target 
strength was -47.41 dB. No decrease in target strength with depth was observed to 42 m. In contrast, 
the 420 kHz results indicated decreasing target strength with depth from -48.09 dB at 2-7 m to -52.10 dB 
at 37-42 m (Figure 15). 

DISCUSSION 

The 1991 target strength measurements in Skilak Lake were the highest recorded to date. The pattern of 
decreasing target strength with depth using the 420 kHz system was consistent with past years (Figure 16). 
Examination of sub-basin target strength trends (Figure 17) indicated a similar pattern for all areas of the 

lake. Higher mean target strengths recorded for deeper strata were possibly a result of small sample size 
and the occasional occurrence of large, non-juvenile sockeye targets at those depths. The 120 kHz data 
suggested that the phenomena creating the decreasing target strength with depth pattern is not biological, 
but may be due to equipment anomalies or to the physical and chemical properties of the lakes. The 
sounder and processing equipment were checked by the manufacturer prior to and after surveys. Standard 
target measurements were also made to field calibrate the sounder and processing equipment. No readily 
apparent equipment anomalies were identified. Therefore, we deduced that the physical and chemical 
properties causes this phenomena. Further specific investigations of these results are, however, necessary 
before final conclusions can be drawn. 

The 1991 juvenile sockeye salmon estimates are the lowest recorded to date (Figure 18). Using historical 
data from the Kenai and Kasilof Rivers, the number of smolt projected to migrate from the Kenai River 



in 1992 is 4 to 5 million fish. However, the 1990 juvenile and 1991 smolt estimates were divergent 
(Figure 18). Fall fry estimates were 25,387,000 fish (Tarbox and King 1992); the smolt outmigration was 
approximately 3 million (King et al. 1991). Overwinter survival was estimated at approximately 12%; 
however, juveniles in Russian and Hidden Lakes are not included in the fall estimate, so the overwinter 
survival of fish in Kenai and Skilak Lakes may have been considerably less. 

The distribution of juvenile sockeye salmon within the Kenai River was similar to previous years (Figure 
19). Approximately 11% of the total estimate was measured in Kenai Lake. The historical average 
contribution of Kenai Lake is 14%, ranging from approximately 11% to 17%. This consistent contribution 
of Kenai Lake fish to the total fry estimate occurred despite fry estimates ranging from 7 million fish to 
over 37 million fish, a five-fold difference. 

The length (Figure 20) and weight (Figure 21) of age-0 sockeye salmon in both lakes continues to increase 
from the low values measured during the 1988 rearing year. Although average length has increased only 
slightly, the weight of age-0 fish has increased by almost 50%, possibly because there are fewer fry in 
the system. 
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Table 1. Estimated nunber of f i s h  present i n  Ski lak and Kenai Lakes, Alaska i n  the f a l l  of 1991. 

Estimated Nunber of  Fish 

Area 
Lake Area Transect Sdrface Miduater Bottom Total Wean Variance 

Ski lak 1 1 5.6348E+05 2.6586E+06 5.7134E+05 3.7934Ei06 
2 1 .8292E+05 3.8161 E+06 4.2694E+05 4.4260E+06 
3 1.3658~+05 2.3388E+06 1.9287E+05 2.6683E+06 3.1860E+06 1.0561E+ll 
4 1.3477E+05 2.3972E+06 1.8793E+05 2.7199E+06 
5 1 .0753~+05 2.8345E+06 2.6143E+05 3.2035E+06 
6 2.3391E+05 1.8477E+06 2.2330E+05 2.3049E+06 

TOTAL 

Kena i 1 

5 1 
2 
3 
4 
5 
6 

TOTAL 

TOTAL FOR BOTH LAKES 



T a b l e  2. Areas and volumes used f o r  f i s h  d e n s i t y  e s t i m a t e s  i n  Kenai  
and S k i l a k  Lakes, A laska  1991. 

S k i l a k  Lake 

Area Surface A ~ e a  \So1 ume6 D e n s i t y  o f  F i s h  
(m x l o  ) (m x l o  ) (%I 

1 43.03 (43.5%) 1689.8 (27.1%) 47.5 

2 33.46 (33.8%) 2798.0 (44.8%) 33.2 

3 22.50 (22.7%) 1755.0 (28.1%) 19.3 

T o t a l  98.99 (100.0%) 6242.8 (100.0%) 100.0 

Kenai  Lake 

Area Surface A l e a  Vol  ume D e n s i t y  o f  F i s h  
( m  x l o  ) (m3 x lo6) (%) 

-- - - - -- -- -p 

1 7.72 (13.9%) 198.0 (5.6%) 26.3 

2 11.91 (21.5%) 683.5 (19.2%) 23.3 

3 10.54 (19.0%) 835.2 (23.5%) 14 .3  

4 14.37 (25.9%) 1169.4 (32.8%) 22.3 

5 10.93 (19.7%) 673.8 (18.9%) 13.8 

T o t a l  55.47 (100.0%) 3559.9 (100.0%) 100.0 
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Figure 1 .  The Upper Cook In le t  area showing the locations of the Northern and 
Central Dis t r ic t s  and the major sockeye salmon spawning drainages. 
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Figure 14.  Length f requency distr ibut ion of sockeye sa lmon 

col lected in Kenai (upper )  and Skilak 

( lower) Lakes, Alaska. 199 1 .  
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Figure 17. Fish target strength measured in Skilak Lake, Alaska by 

dual-beam hydroacoustic techniques (420 kHz) in 1991 
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Figure 19 .  Relative distr ibut ion of juvenile sockeye sa lmon in 

- Kenai Lake 

the  Kenai River system, Alaska. 1 9 8 6  - 1991 .  
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Figure 2 0  Length o f  age -0  sockeye sa lmon  col lected in  Kenai  (upper)  

cnd Skilak (lower) Lakes, Alaska (sample  per iod 

usually ~ e ~ t e m b e r / O c t o b e r ) .  
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Figure 21.  Weight of age-0  sockeye sa lmon col lected in Kenai 

(upper)  and S k i a k  (lower) Lakes, Alaska (sample  

per iod usuallj/ September/October).  





APPENDIX 





Appendix A.1. Ca l ib ra t ion  and processing parameters used i n  c o l l e c t i o n  and analysis of Kenai and 
Ski lak Lakes, Alaska, 1991 hydroacoustic data. 

Sounder Receiving s e n s i t i v i t y  Channel 1 40 log R = -165.44 dB 
420 kHz (dB/uP@lrn) 2 0 L o g R =  -144.06dB 

Channel 2 40 log R = -166.61 dB 
20 Log R = -144.72 dB 

Source Level (dB/uP@lm) 217.67dB 

TVG Crossover 11.72 m 

Receiver gain 0 dB 

Transducer Beam width Narrow 
Wide 

Wide beam dropoff  I1Am1 c o e f f i c i e n t  
81Bii c o e f f i c i e n t  

6 degree 
15 degree 

Beam pa t te rn  factor  Average squared value Narrow .001052 

Dual-beam processor Correct ion m u l t i p l i e r  Narrow beam 
W i  de beam 

Threshold Narrow beam 
Wide beam 

Bottom 

Maximum h a l f  angle 
Pulse width c r i t e r i a  

4 O 

Maxi mum .9478 mS 
Minimum .2668 mS 
Maxi mum -5336 mS 

Bottom window 2.0 meters 

S ta r t  depth 2.0 meters 

Depth 
Echo in tegrator  B constant value 2.0 - 7.0 m 

7.0 - 12.0 m 
12.0 - 17.0 rn 
17.0 - 22.0 m 
22.0 - 27.0 m 
27.0 - 32.0 m 
32.0 - 37.0 m 
37.0 - 42.0 m 
42.0 - 47.0 m 
47.0 - 52.0 m 
52.0 - 57.0 m 
57.0 - 62.0 m 
62.0 - 67.0 m 
67.0 - 72.0 m 
72.0 - 77.0 m 
77.0 - 82.0 m 
82.0 - 87.0 m 
87.0 - 92.0 m 
92.0 - 97.0 m 

continued 



Appendix A.1. ( p  2 of 2) 

Sounder Receiving s e n s i t i v i t y  Channel 1 40 log R = -174.94 dB 
120 kHz (dB/uP@lm) 20 Log R = -145.53 dB 

Channel 2 40 Log R = -176.96 dB 
2 0 L o g R =  -147.74dB 

Source Level (dB/uP@lm) 221.52dB 

TVG Crossover 29.56 m 

Transducer 

Receiver gain 0 dB 

Beam width Narrow 
Wide 

Wide beam dropoff  iiAn coe f f i c ien t  
coe f f i c ien t  

10 degree 
25 degree 

Beam pa t te rn  fac to r  Average squared value Narrow .001725 

Dual-beam processor Correct ion m u l t i p l i e r  

Threshold 

M a x i m  h a l f  angle 
Pulse width c r i t e r i a  

Narrow beam 
Wide beam 

Narrow beam 
Wide beam 

Bottom 

4O 
Maximum .96 mS 
Minimum .28 mS 
Maxi mum .52 mS 

Bottom window 2.0 meters 

S ta r t  depth 2.0 meters 



Appendix A.2. Average b a c k s c a t t e r i n g  c r o s s  s e c t i o n  (s igma)  
and t a r g e t  s t r e n g t h  d a t a  by dep th  s t r a t a  f o r  
a1 1 t r a n s e c t s  combined, Kenai Lake, A1 a s k a ,  1991. 

T a r g e t  
Target '  S t r e n g t h  

Depth Number Sigma S t r e n g t h  S tandard  
S t ra tum o f Sigma S tandard  Mean Devia t ion  

(m) T a r g e t s  Mean Devia t ion  (dB) (dB) 

2.0 - 7.0 
7.0 - 12.0 

12.0 - 17.0 
17.0 - 22.0 
22.0 - 27.0 
27.0 - 32.0 
32.0 - 37.0 
37.0 - 42.0 
42.0 - 47.0 
47.0 -102.0 

Tota l  

" T a r g e t  s t r e n g t h  determined from dual-beam d a t a  c o l l e c t e d  i n  
s i t u .  



Appendix A. 3. Average b a c k s c a t t e r i  ng c ross  s e c t i o n  (sigma) and t a r g e t  
s t r e n g t h  da ta  by depth s t r a t a  f o r  a l l  t r a n s e c t s  combined, 
S k i l a k  Lake, Alaska, 1991. 

Targe t  
Target'  S t reng th  

Depth Number Sigma S t reng th  Standard 
St ra tum o f  Sigma Standard Mean Devi a t  i on 

(m) Targe ts  Mean Dev i a t  i on (dB) (dB) 

2 . 0 -  7.0 499 
7.0 - 12.0 2130 

12.0 - 17.0 5234 
17.0 - 22.0 8296 
22.0 - 27.0 9450 
27.0 - 32.0 7785 
32.0 - 37.0 4280 
3 7 . 0 - 4 2 . 0  1552 
42.0 - 47.0 614 
47.0 -102.0 2523 

To ta l  42363 

a Targe t  s t r e n g t h  determined from dual-beam da ta  c o l l e c t e d  i n  s i t u .  



Appendix A . 4 .  Estimated number of fish not available to hydroacoustic 
equipment because of surface orientation in Skilak and 
Kenai Lakes, Alaska during the fall of 1991. 

Estimated Estimated Estimated 
F ish  Density Vo1 ume Number o f  

Lake Area Transect (number/mA3) (mA3) Fish 

Skilak 1 1 
2 
3 

Kenai 1 1 
2 
3 
4 
5 
6 
7 

- Continued - 



Appendix A . 4 .  (p .  2 o f  2 )  

Est ima ted  Es t ima ted  Es t ima ted  
F i s h  D e n s i t y  Vol ume Number o f  

Lake Area T ransec t  (number/mA3) (mA3 F i s h  



Appendix A.5. Estimated number of f ish not avai lable  t o  hydroacoustic 
equipment because of bottom or ientat ion i n  Skilek Lake, 
Alaska during the f a l l  of 1991. 

Estimated Estimated Estimated 
Bottom Fish Density Volune Nunber of 

Area Transect Depth(m1 (n&r/mA3) ( mA3 ) Fish 

TOTAL 

TOTAL 

- Continued - 



Appendix A . 5 .  (p. 2 of 7) 

Bottom 
Area Transect Depthcm) 

Estimated Estimated 
Fish Density Volune 
( mmber/rnA3 ) (mA3) 

Estimated 
Wunber of 

Fish 

TOTAL 

1 4 2-7 
7- '1 2 
12-17 
17-22 
22-27 
27-32 
32 - 37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67- 72 
72 - 77 
77- 82 
82 - 87 
87-92 
92 - 97 

TOTAL 

- Continued - 



Appendix A.5. (p. 3 of 7) 

Estimated Estimated Estimated 
Bottom Fish Density Volune N h r  of 

Area Transect Depthcm) (nunber/mA3) (mA3) Fish 

TOTAL 

1 6 2-7 
7-12 
12-17 
17- 22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72 - 77 
77-82 
82-87 
87-92 
92 - 97 

TOTAL 

- Continued - 



Appendix A.5. (p. 4 o f  7) 

Estimated 
Bottom Fish Density 

Area Transect Depth(m) (nunber/mA3) 

2 1 2-7 1.58E-03 
7-12 1.51E-03 
12-17 1.58E-03 
17-22 2.27E-03 
22-27 1.51E-03 
27-32 9.33E-04 
32-37 2.76E-04 
37-42 1.15E-04 
42-47 2.51E-05 
47-52 1.36E-05 
52-57 2.15E-06 
57-62 4.13E-06 
62 - 67 6.21E-06 
67- 72 3.64E-06 
72-77 7.64E-06 
77- 82 4.33E-06 
82-87 3.92E-06 
87-92 8.86E-07 
92 - 97 7.20E-08 

Estimated 
Volune 
( mA3 

TOTAL 3.6336E+04 

2 2 2-7 5.22E-04 2.0279E+06 1.0579E+03 
7- 12 9.26E-04 4.0558E+06 3.7556E+03 
12-17 1.84E-03 4.0558E+06 7.4504E+03 
17- 22 1 .PIE-03 4.0558E+06 7.7262E+03 
22-27 2.61E-03 8.1115E+06 2.1187E+04 
27-32 1 .l9E-03 8.1115E+06 9.6121E+03 
32-37 6.59E-04 1.2167E+07 8.0134E+03 
37-42 6.36E-05 1.4195E+07 9.0324E+02 
42-47 2.59E-05 1.6223E+07 4.2066E+02 
47-52 6.38E-05 1.4195E+07 9.0622E+02 
52-57 1.12E-04 1.6223E+07 1.8105E+03 
57-62 2.26E-05 1.0139E+07 2.2925E+02 
62-67 6.61E-06 1.0139E+07 6.6971E+01 
67- 72 8.49E-06 1.0139E+07 8.6033E+01 
72 - 77 5.25E-06 8.1115~+06 4.2618E+01 
77-82 7.11E-06 6.0836E+06 4.3255E+01 
82 - 87 1.82E-05 6.0836E+06 1.1066E+02 
87-92 1.28E-05 2.0279E+06 2.6018E+01 
92-97 2.32E-05 2.0279E+06 4.71 28E+01 

TOTAL 6.3496E+04 

- Continued - 



Appendix A.5. (p. 5 of 7) 

Bottom 
Area Transect Depthcrn) 

Estimated 
Fish Density 
( nunber/rnA3) 

Estimated 
Volune 
(rnA3) 

Estimated 
Nunber of 

Fish 

TOTAL 

3 1 2 -7  
7-12 
12-17 
17- 22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72 - 77 
77- 82 
82-87 
87-92 
92-97 

TOTAL 

- Continued - 



Appendix A.5, (p. 6 of 7) 

Bottom 
Area Transect Depth(m) 

3 2 2-7  
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77 - 82 
82 - 87 
87-92 
92-97 

Estimated 
Fish Density 
(nunber/mA3) 

Estimated 
Volune 
(nP3) 

Estimated 
Y u b r  of 

Fish 

TOTAL 2.6760E+04 

TOTAL 

- Continued - 



Appendix A . 5 .  (p. 7 of 7) 

Bottom 
Area Transect Depth(rn) 

Estimated Estimated 
Fish Density Volune 
( nunber/mA3) (mA3 

Estimated 
Nunber of 

Fish 

TOTAL 



Appendix A.6 .  Estimated number o f  f i s h  not  a v a i l a b l e  t o  hydroacoust ic 
equipment because o f  bottom o r i e n t a t i o n  i n  Kenai Cake, 
Alaska du r i ng  the  f a l l  o f  1990. 

Bottom 
Area Transect Depth(m) 

1 1 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 

Estimated 
F i sh  Dens i ty  
(number/m-3) 

1.0070E-03 
4.2900E-04 
6.0560E-04 
6.7510E-03 
1.1920E-03 
4.6940E-04 
8.6310E-05 
5.9400E-03 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 
0.0000E+00 

Estimated 
Vol ume 
(m-3) 

Estimated 
Number o f  

F i  sh 

TOTAL 1.1310E+05 

TOTAL 1.1171E+05 

- Continued - 



Appendix A . 6 .  ( p .  2 o f  4 )  

Estimated Estimated Estimated 
Bottom Fish Density Vol ume Number o f  

Area Transect Oepth(m) (number/m^3) (m-3 F ish  

TOTAL 

TOTAL 



Appendix A.6. (p. 3 of 4 )  

Bottom 
Area Transect Oepth(m) 

TOTAL 

Estimated 
Fish Density 
(number/m"3) 

Estimated 
Number of 

Fish 

TOTAL  

- Continued - 



Appendix A.6. ( p .  4 o f  4 )  

Estimated Estimated Es t~ma ted  
Bottom F i s h  Densi ty Vol ume Number o f  

Area Transect Oepth(m) (number/m^3) (m-3) F i sh  

TOTAL 



The Alaska Department of Fish and Game conducts all programs and activities 
free from discrimination on the basis of sex, color, race, religion, national origin, 
age, marital status, pregnancy, parenthood, or disability. For information on 
alternative formats available for this and other department publications, please 
contact the department ADA Coordinator at (voice) 907-465-41 20, (TDD) 1-800- 
478-3648, or (fax) 907-586-6595. Any person who believes he or she has been 
discriminated against by this agency should write to: ADF&G, P.O. Box 25526, 
Juneau, AK 99802-5526; or O.E.O., U.S. Department of the Interior, 
Washington, DC 20240. 
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